Materials and Methods

Bacterial culture and membrane preparation
Rhodospirillum photometricum (DSM 121) was grown anaerobically and photoheterotrophically on modified Hutner media 27 under low-light (10-20 Wm -2 ) or high-light (100 Wm -2 ) conditions. Cells were harvested and washed 2 times with 1mM
Tris-HCl, pH 7.0 before being broken by a single passage through a French pressure cell.
Lysates were loaded directly onto 5-60 % sucrose gradients and centrifuged for 1.5 hours.
The membranes corresponding to the major pigmented band sedimented to about 40% sucrose and contained the different proteins of the photosynthetic apparatus. The membranes were washed with 1mM Tris-HCl, pH 8, in a centrifugal concentrator and kept at 4°C for AFM analysis. Spectral and enzymatic analysis of the membranes showed that they contained the photosynthetic light harvesting systems, reaction centers and quinol -cytochrome c oxido-reductase activity (cytochrome bc 1 ).
Atomic force microscopy
Freshly cleaved Mica was immediately covered by 40 µl of adsorption buffer (10mM Tris-HCl, pH 7.3, 150 mM KCl, 25 mM MgCl 2 ). Subsequently, 2 µl of membrane solution were injected into the adsorption buffer drop on the mica surface. After 1 hour the sample was rinsed with 10 volumes of recording buffer (10mM Tris-HCl, pH 7.3, 300 mM KCl). Imaging was performed with a commercial Nanoscope-E contact-mode AFM (Digital Instruments, Santa Barbara, CA, USA) equipped with a low-noise laser, and a 160-µm scanner (J-scanner) using oxide-sharpened Si 3 N 4 cantilevers with a length of 100 µm (k = 0.09 N/m; Olympus Ltd., Tokyo, Japan). For high-resolution imaging minimal loading forces of ~100 pN were applied, at scan frequencies of ~1200 nm/s using optimized feedback parameters. In order to remove the H-subunits from the cytoplasmic surface of the reaction center the tip was scanned at frequencies of up to 3000 nm/s and slightly increased loading forces of ~200 pN, however at low magnification, where the applied loading forces per surface area and time interval during scanning are smaller than during high resolution imaging on small surface areas. The piezo precision was determined on protein 2D-crystals, at scan ranges between 100 nm and 300 nm, and errors in x-and y-dimensions smaller than 2% were found.
Two-Dimensional Pair Correlation Function
A program was written, into which the x and y coordinates of all complexes within an image delimited by a polygon are entered. The program calculates the separation vector, r, for all pairs of complexes (AB), hence, the probability p(r) of finding a complex (B) in a distance interval of (r ± dr) from a given complex (A). This is normalized with respect to the surface area included within the radial interval and the total number of complexes (B) within the membrane. If the distribution is random, p(r) is always close to 1. In real systems an exclusion zone at short distance usually results in a slight excess probability at longer distances. Pair correlation functions for high and low light systems were calculated from 14 to 35 images containing 650-750 cores and 2000-5000 LH2.
Modeling
A Monte-Carlo Gibbs ensemble approach was used to model the development of specialized membrane areas. A two-dimensional random mixture of large (core-complex) and small (LH2) discs, close to the critical density, was modeled by cooling from above the critical temperature. The mixture initially showed a liquid-liquid phase separation and on further cooling the formation of crystalline areas of 'LH2 discs' was observed. The cooling was performed over >3x10 6 Monte-Carlo steps.
Step sizes for displacements in each box and volume changes were updated to maintain approximate 50% success rates.
The interaction potentials used incorporated the observed hard-core diameters of 115Å
and 75Å for core-complexes and LH2 respectively, and an attractive long-range potential well with a characteristic distance of about 40Å. The potential well depths were adjusted for the 3 different types of interaction to 2k B T for core-core interactions, 3k B T for LH2-LH2 interactions, and 5k B T for core-LH2 interactions, maintaining the ratio for the core-LH2 to core-core potential depth at 2.5 in agreement with our measurements. B) Pair correlation function (PCF) analysis between LH2 rings in high-light and low-light adapted membranes. In low-light membranes the second PCF peak reveals two maxima at 130Å and 150Å (arrows). This pattern directly reflects the hexagonal para-crystalline packing of the LH2 complexes in low-light adapted membranes as indicated by the sketches. Since in high-light adapted membranes large LH2 antenna areas do no exist, the second order PCF peak is not resolved in two.
